Tomato plants were grown in a bag culture system with a drip irrigation system using coconut coir as substrate. For the treatments the same volume of nutrient solution (50mL) with 2 dif ferent amounts of NO3-N (0.4 and 0.5 me plant1 MJ-1 m-2) was supplied when cumulative solar radiation value reached 1 MJ m2. Different volumes of water were supplied at the same time as the supply of nutrients. There were 4 additional water supply treatments with varying amounts of water supply for vapor pressure deficit as follows: V-0 (no additional water supply), V-1, V-2, and V-3, respectively with the total of 8 treatments. In the V-0 treatments with both of NO3-N amounts, the contents of total soluble solids in the fruits were the highest, while the leaf dry weight, photosynthetic rate and yield were the lowest. This study revealed that a concentration of 0.4 me NO3-N plant-1 MT-1 m-2 was the optimum for tomato production in this system. The 0.4V-3 treatment was associated with a low percentage of drainage, high water use efficiency and high nitrate use efficiency. The recommendation for fertigation management consisting of varying the amounts of NO3-N and of additional water depending on the data of NO3-N consumption in the 0.4V-3 treatment was explained.
INTRODUCTION
To avoid excessive run-off of nutrients and water, fertigation management should depend not only on the meteorological elements but also on the crop requirements (Imtiyaz et al., 2000) . Plants require solar radiation for photosynthesis, and their growth rate is proportional to the amount of radiation received (cumulative solar radiation, CSR), assuming that other environmental parameters are not limiting. Visible light is utilized by the biochemical processes in photosynthesis to convert light energy into biomass. For those processes, nutrients are usually absorbed from the substrate for normal growth and development (Barber, 1979) . In addition, the transpiration rate is affected by the degree of stomatal opening and vapor pressure deficit (VPD). This interaction results in a certain volume of consumption of nutrients and water by the plant (Kozlowski, 1972; Jules, 1979; Evans and Poorter, 2001 ). In addition, detection of CSR and VPD is simple and cheaper than another pa-rameters such as photosynthetic rate or transpiration rate . Consequently, fertigation management may enable to supply the plants with reasonable volumes of nutrients and water based on CSR and VPD.
In a preliminary study, fertigation management was applied with integration of CSR and VPD to supply nutrients (using CSR as an indicator) and water (using VPD as an indicator) separately (Chanseetis et al., 2003) . The results suggested that fertigation management enhanced the performance and appeared to be a promising method to obtain adequate growth and yield of tomato . Nevertheless, the study revealed that the supply of 0 .6 me NO3-N plant-1 MJ-1 m2 was excessive. These findings indicate the importance of avoiding an excessive supply of nutrients and the need for further studies to reduce fertilizer amounts. The main objective of the present study was to analyze the effects of the reduction of fertilizer (NO3-N) amounts on growth , yield and drainage of tomato through fertigation management in order to reduce the excessive drainage causing waste and pollution. Figure 1 shows the experimental layout which was used in this study . A pyranometer sensor (SL-30, ESD Co., Ltd., Japan) was applied to measure cumulative solar radiation for controlling the nutrients supply in this study. The sensor was set up to detect CSR to calculate the solar radiation until 1 MJ m-2 at which point the system was activated (by GreenKit) . It was then reset to 0 for the next measurement. Two other sensors were set up for the detection of the temperature and relative humidity, when the CSR value reached 1 MJ-m The data of temperature and relative humidity were used to calculate the VPD. The two drip systems were activated when the CSR reached a value of 1 MJ m-2 The GreenKit controlled the pump and electric valves to supply the given volumes of nutrients and additional water. For the supply , the volumes of nutrients and water were managed according to the previous experiment in which nutrient consumption in terms of NO3-N for growing tomatoes with this system was in the range of 0 .39-0.48 me NO3-N plant-1 MJ1 m2 (Chanseetis et al., 2003) . Therefore, in order to decrease the excessive nutrient volumes, the supply amount was reduced by supplying the fixed volume of 50mL of nutrient solution with two different strengths of Yamasaki formula nutrient solution for tomato , to acquire 2 amounts of NO3-N, i.e. 0.4 and 0.5 me plant1 MJ1 m-2 (Yamasaki et al., 1976) . The VPD was determined when the nutrients were supplied and was used to control the volume of additional water supplied . Compared with the V-0 treatment, three amounts of additional water were supplied depending on the VPD value as follows: V-1, V-2, and V-3, respectively with the total of 8 treatments (combination of 2 amounts of NO3-N and 4 amounts of additional water) as shown in Table 1 .
MATERIALS AND METHODS

Seeds
The experiment was terminated when the fruits of the 3rd cluster were harvested . The volume of drainage was recorded and the drainage was sampled daily for the analysis of EC , pH and NO3-N. Growth parameters, leaf number, stem diameter, fresh and dry weight of leaf , stem and root
14 (14) Environ. Control Biol. Table 1 Treatments for additional water supply (mL plant-1) according to the level of VPD.
When the cumulative solar radiation reached a value of 1 MJ m-2, the plants were supplied with 50 mL of nutrient solution (0.4 or 0.5 me NO3-N).
were examined at the end of harvest. Photosynthetic rate was measured at 1 week after planting, at the de-topping stage and harvest stage by using a portable photosynthesis system (LI-6400, LI-COR Inc., USA). Fruit yield in each treatment was recorded and the contents of total soluble solids (TSS) (% Brix) were analyzed using a refractometer (IRR-101, Iuchi, Japan). Water use efficiency (WUE) and nitrate use efficiency (NUE) were calculated based on the fruit yield per liter of the total volume of water supplied and fruit yield per mg equivalent of the total volume of nitrate supplied, respectively (Venezia et al., 2003) .
The statistical analysis was conducted in a completely randomized design and analysis of variance was performed to test the significance of the observed differences.
RESULTS AND DISCUSSION
Inside the greenhouse, as the temperature rose and the relative humidity decreased in the daytime, the VPD values increased while the reverse was observed in the nighttime (data not shown). Table 1 for treatment codes). *.** 0.4 and 0.5 indicate the supply of 50mL of nutrient solution with 2 levels of NO3-N, namely 0.4 and 0.5 me.
the 9th and 12th weeks. These findings can be due to the fact that a relatively small volume of irrigation water was applied because the weather during that period was very cloudy . Therefore, the CSR value was lower than that during the other periods. Also water deficit occurred in the V-0 and V-1 treatments after the 4th and 8th weeks, respectively, whereas the plants in the V-2 and V-3 treatments showed a higher drainage. Hence it appeared that the supply of water was adequate in these plots. In addition, water stress which might have occurred in the hot sunny day in these treatments was lower than those in the V-0 and V-1 treatments. Nutrient amounts did not affect significantly the growth parameters of tomato, whereas differences in the amounts of additional water exerted significant effects on the growth parameters (Table 2) . Leaf dry weight did not show any significant differences among the treatments in which the same amounts of additional water were supplied. The values were the highest in the V-2 and V-3 treatments and the lowest in the V-0 treatments because no additional water was supplied. Therefore, the V-0 treatments were associated with the lowest photosynthetic rate, while no significant differences on photosynthesis were observed in other treatments. Fruit number per plant was not significantly affected by the amounts of NO3-N or additional water (Table 3 ). In V-2 and V-3 treatments with a high drainage, fruit yields were the highest. These findings are similar to those in the study of Giuffrida and Lipari (2003) , who reported that suitable drainage could prevent salt accumulation in the substrate, hence resulting in the adequate growth and yield of tomato. Fruit yields in the V-0 treatments were the lowest in contrast to the highest TSS contents. Mizrahi et al. (1988) and Ledda and Rivoira (2003) reported that high salt amounts reduced plant growth, resulting in a decrease in the yield of tomato plants, while TSS contents were higher. The TSS contents of the tomato fruits decreased with increasing the volume of additional water. In the V-3 treatments which were associated with the largest supply of irrigation water, the TSS contents were the lowest. May (1994) reported that the TSS contents of tomato fruit under a higher water regime were lower than those under water deficit. Table 4 shows the effects of the volumes of additional water supplied with two amounts of NO3-N on WUE and NUE values. The WUE value was the lowest in the 0.4V-1 treatment. This was caused by a significant lower in fruit yields in 0.4V-1 could not be compensated by the smaller volume of water supplied. Whereas the higher fruit yield in another treatments showed the higher WUE. In 0.4 treatments the NUE values was higher than in the 0.5 treatments.
The highest NUE values, 3.9 and 4.2 g me-1, were recorded in the 0.4V-2 and 0.4V-3 treatments, respectively. These 18 (18) Environ. Control Biol. two treatments (0.4V-2, 3) were highly efficient for tomato production. The 0.4V-3 scheme led to high growth and yield along with preventing salt accumulation inside the substrate. Yamasaki formula nutrient solution for tomato used in this study was efficiency with the well balance in nutrients uptake. These resulted in high growth and yield tomatoes in the V-2, 3 treatments of the both strength. In addition, in the 0.4V-3 treatment in which consumption of NO3-N was the lowest because of the highest in percent drainage, the highest values for growth, yield and NUE were recorded. Therefore, the fertigation scheme in the 0.4V-3 treatment led to the highest efficiency of tomato production with a low percentage of drainage. Hebbar et al. (2004) considered that the efficiency of fertigation for tomato production should be associated with high leaf dry matter production, high fruit yield, hence high fertilizer-use efficiency. Practically, suitable drainage should range between 20-40% of the nutrients supplied, as observed in the present experiment. However, due to environmental and economic consideration, the nutrient loss should be further reduced (Giuffrida et al., 2003) . The present results revealed that there was an excessive supply of nutrients especially in the first month after planting (Fig. 2) . Therefore, in order to minimize the drainage and to avoid salt accumulation in the substrate, we recommended two methods for fertigation management for three-truss tomato production. In the first method, regarding to the result of 0.4V-3 treatment that salt did not accumulate inside the substrate, the nutrients should be supplied based on the NO3-N consumption in the 0.4V-3 treatment, depending on the plant stages, i.e. by supplying NO3-N at the rate of 0.23, 0.26, 0.32, 0.37 and 0.40 me plant-1 MJ-1 m-2 during the lst-2nd weeks (true leaf expansion at 8-10 leaf stage), the 3rd 4th weeks (true leaf expansion at 11-13 leaf stage), the 5th-6th weeks (true leaf expansion at 14-16 leaf stage), the 7th 8th weeks (de-topping stage until harvest) and after the 8th week (harvest stage), respectively (Table 5) . With this method, nutrient contents in substrate would be decreased compared to the present study which was supplied 0.4 me plant-1 MJ-1 m-2 constantly. In the second method, the same N03-N amount (0.4 me plant-1 MJ-1 m2) should be supplied during cultivation but the volumes of water should vary depending on the volume of total consumption, i.e. adopting the V-0, V-1, V-2 and V-3 treatments during 1st, 2nd, 3rd, and 4th months after planting, respectively.
Suitable irrigation regime is important in order to maximize yield and minimize drainage.
Therefore, in future studies on fertigation management, data of VPD for water supply and CSR should be used in taking account of the fact that nutrient and water consumption vary depending on the growth stage.
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